A variety of factors including tumor biology and distance of the tumor from the nipple have been associated with nipple areola complex involvement in patients with breast cancer. Preoperative understanding regarding these factors can help in modifying the surgical options including preservation of nipple areola complex (NAC) and breast conservation. Nipple sparing surgery (breast conservation surgery/skin sparing mastectomy with immediate reconstruction) for breast cancer has gained widespread interest with the aim of achieving oncologically safe and cosmetically acceptable outcome. To study the proportion of cases with nipple areola complex involvement in invasive carcinoma breast and to describe the variables predictive of nipple areola complex involvement in patients undergoing excision of tumor along with NAC for invasive carcinoma breast. A cross-sectional study was conducted among 136 patients who underwent mastectomy in Regional Cancer Center, Thiruvananthapuram. Tumor nipple distance was assessed preoperatively using mammogram and postoperatively by histopathological examination. Nipple involvement was seen only among 4.4%. Preoperative assessment of tumor to nipple distance, tumor size, location, and stage of the disease agrees with the histopathological examination. Only a small proportion of breast cancer has NAC involvement and preoperative assessment could help the surgeon in deciding on the feasibility of NAC preservation.
Introduction
Breast cancer is the commonest cancer among women of India and in the state of Kerala [1, 2] . Thirty-five percent (944/2681) are < 50 years of age. Only 9% of all cases have stage I disease [3] . Breast conservation has emerged as a good treatment option for those with early stage disease. For the less advantaged where BCS is not a treatment option SSMIR (skin sparing mastectomy with immediate reconstruction) is an option. Preservation of nipple areola complex enhances the cosmetic outcome and quality of life. Preoperative methods to predict the possibility of NAC involvement/sparing can help the surgeon to decide regarding NAC preservation in breast cancer patients who prefer breast conservation. The variables which could predict NAC involvement [4] includes tumor size, tumor to nipple distance, tumor location, lymphovascular invasion, lymph node metastases, advanced stage and grade, young age, extensive in situ component, and HER2neu amplification. Lambert et al. found that increasing tumor size, especially if greater than 4 cm in diameter was associated with increasing incidence of NAC involvement [5] . The distance of tumor from nipple can also influence NAC involvement. When tumors were more than 2.5 cm from the nipple, NAC involvement was extremely rare [6] . Schecter et al. could devise a NAC involvement score using tumor nipple distance on mammogram, pathological stage, and tumor size [7] .
Modified radical mastectomy (MRM) is considered as the treatment of breast cancer by most of the doctors and patients in Kerala, even when most women are concerned about losing their breast, due to the fear of local recurrence. This study could provide some evidence on the feasibility of preoperative methods on deciding the oncological safety of preserving the nipple in breast cancer. Most studies were done prior to the advent of digital mammogram. Majority of studies, however, have explored factors that are primarily obtained after surgery, as opposed to identifying the preoperative factors that are most important for determining nipple involvement. Nipple sparing mastectomy has gained widespread interest with the aim of achieving three main goals: (1) oncological safety, (2) improved esthetic outcome, and (3) nipple viability. The objectives of this study were to study the proportion of NAC involvement in invasive carcinoma breast, to describe the variables predictive of nipple areola complex involvement, and to describe the correlation of tumor nipple distance assessed (MTND Vs PTND) through mammogram and histopathological examinations.
Materials and Methods
A cross-sectional study was carried out from May 2012 to August 2013 in the Department of Surgical Oncology, Regional Cancer Centre, Thiruvananthapuram, Kerala. All cases of carcinoma breast operated during the above period undergoing excision of tumor along with NAC (both MRM and wide excision removing nipple) were included in the study. Patients with preoperative clinical involvement of NAC by the tumor, in situ carcinoma without any invasive foci, those following neoadjuvant chemotherapy, and previously surgically intervened patients were excluded. All patients had preoperative mammogram which assessed the size of tumor, distance of tumor from nipple and location of tumor with respect to the quadrants. Postoperatively histopathological examination of tumor, lymph nodes, NAC and distance of tumor from nipple were assessed in the pathology specimen. Multiple perpendicular sections were taken including the entire nipple areola complex. After processing, 4-5-μm-thick sections were taken and hematoxylin and eosin staining was done.
Study variables are the following: age, tumor size, tumor location, tumor type, tumor nipple distance measured by digital mammogram, and pathological analyses are the following: involvement of nipple, receptor status, tumor type, and lymphnode status. Statistical analysis was performed using IBM-SPSS V20. Descriptive analysis presented as proportions, and Pearson correlations, paired t test and independent sample t tests were done appropriately to compare the tumor nipple distance calculated by preoperative mammogram and postoperative HPR.
Results
Mean age of the study participants was 55.26 (SD 11.0). Youngest was 22 years and oldest was 78 years with a range of 56. Nipple involvement was seen in 6 (4.4%) of the total patients. Clinicopathologic features of breast cancer in the current study are given in Table 1 . Tumor size: Most (83.8%) of the tumors were between 2 and 5 cm and 16 (11.8%) were less than 2 cm. Tumor site: Disease affected both sides equally with a slight right side predominance (54.4%). Upper outer quadrant was the frequent site (64%). More than half of the tumors (51.5%) were Grade III. Estrogen and progesterone receptors were positive for (63/ 136)50% of the tumors and 77.9% were Her2Neu Negative. Looking at the combination of these biomarkers, 54/136 (40.4%) were ER + Ve PR + Ve and Her2Neu-Ve and 43/ 136 (31.6%) were triple negative (Table 4) . Lymph nodes were negative in 61.8% of tumors and only 5.9% had lymphovascular invasion (Table 1) .
Tumor Nipple Distance Tumor to nipple distance was measured preoperatively by digital mammogram (MTND) and postoperatively by histopathological examination (PTND) ( Table 2 ). All cases with nipple involvement were located < = 2.5 cm from the nipple according to both mammogram and histopathological examination. A significant RR (p value < 0.05) of 1.3 was noted for mammogram and 1.08 for histopathological examination. This also indicates that even if the distance from the tumor < = 2.5 cm, NAC is affected only in a small percentage of the tumors. 74/80 (92.5%) of cases did not have nipple involvement even if the distance from the tumor was < = 2.5 cm according to HPR (Table 2) . On detailed analysis of tumor nipple distance, a significant positive correlation is seen between MTND and PTND ( Table 3 , Fig. 1 ). Paired t test done for those with and without nipple involvement revealed that there is significant difference of mean values for MTND and PTND, especially for without nipple involvement (Table 4) . While calculating tumor nipple distance pre-and postoperatively, tissue shrinkage occurs normally and also with formalin fixation. This difference may be attributed to the significant difference in shrinkage percent of both groups (Table 2) . With the available data logistic regression was done to find out the variables predictive of nipple involvement and both PTND and MTND could predict nipple involvement (Table 5 ).
Discussion
Nipple Involvement Nipple was involved in only 4.4% of the study participants in this study. As the main objective of the study was to find out the safe TND for nipple conservation, we excluded all with a preoperative suspicion of nipple involvement. Most studies regarding the rate of nipple involvement by breast carcinomas are from the premammogram screening era and thus may not reflect the current rate of NAC involvement. Also, the shift from mastectomy to breast conservation surgery, variations in patient population and in tissue processing for the NAC may also impact the observed rates of NAC involvement. A small study in 1989 of 33 cases of mostly multicentric, incompletely resected and recurrent tumors, tumors 5 cm or with retracted nipple showed a rate of NAC involvement of 58% [8] . A similar rate of 50% of NAC involvement was also observed by Andersen and Pallesen in 1978 [9, 10] . Both studies examined multiple transverse or vertical sections from the nipple. On the other hand, a study of 26 cases with tumors that were at least 2.5 cm from the areola and nipple showed no NAC involvement microscopically [11] . The rate of NAC involvement varies from 9.5-23% in various studies [12] [13] [14] [15] [16] . Studies with similar patient selection reported similar rate of nipple involvement. Laronga et al. reported that 5.6% of their 326 cases showed involvement of the NAC. They had also removed cases that had clinical NAC involvement [17] . In the current study, the rate of NAC involvement is 4.4%. In a scenario where routine mammographic screening and the breast conservation is seldom done, smaller and peripheral tumors would undergo mastectomy, which would likely lower the rate of NAC involvement [11, 17] . We agree that the incidence of nodal metastases is low in our study compared to other studies. The probable reason could be in the selection criteria for upfront surgery in our institute. Patients with clinically multiple nodes undergo neoadjuvant chemotherapy as our institution policy. Patients with neoadjuvant chemotherapy are excluded from the study. This also explains the reason why the nipple involvement is also lower as the bad subset of patients with clinically multiple nodes are excluded. But, this being the trend in many centers recently would correlate better with current practice. None of our patients had frank nipple involvement.
Tumor Distance In breast conservation, even when much breast tissue is resected, oncoplastic techniques can achieve good cosmesis. The problem arises with nipple and areola complex (NAC) reconstruction as it is very difficult to get the cosmesis of the natural NAC. Hence, preservation of NAC would achieve better cosmesis. Previously, there were long debates on the oncological safety of NAC preservation, but now there is enough evidence for NAC preservation provided it is not involved pathologically [18, 19] . There are numerous studies [13, 20, 21] which talk about factors predicting involvement of the NAC. Our study looked into various preoperative variables that could influence the involvement of the NAC and found that the tumor nipple distance is the single most important variable. The tumor nipple distance calculated from the digital mammogram correlated well with the pathological tumor nipple distance. A distance of 2.5 cm of the tumor from the NAC calculated from a digital mammogram can be considered as a safe surrogate for preservation of the NAC while performing breast conservation surgery. We have in our study, confirmed that tumors located > = 2.5 cm away from the nipple (distance between tumor and nipple measured by preoperative digital mammogram) never had pathological NAC involvement, and hence, it may be safe to use MTND as a predictor to decide on NAC preservation. Many studies have shown that it is an important factor affecting the rate of NAC involvement [17] . Lagios et al. confirmed this association with invasive carcinomas [6] . The ability to accurately predict NAC involvement preoperatively can help clinicians and patients to choose the proper surgical procedure. Vyas et al. found that tumors 2.5 cm away from the NAC are predictive for no nipple involvement [22] . Recurrence rate in the NAC was found to be low in patients who had early stage tumors and whose tumor was more than the 2 cm away from the NAC [23] . Schecter et al. proposed a predictive model for NAC involvement with 92% sensitivity and 77% specificity based on mammographic distance between tumor and nipple, tumor size, and pathologic staging in a small study of 31 cases [7] . Rusby et al. have reported a similar predictive model on the basis of a study of 130 patients [24] . Gulben et al. recently reported that tumor location, positive lymph nodes, and lymphovascular invasion were the most important risk factors, and patients with two or three risk factors had a 50% rate of NAC involvement versus only 8% in patients with one or no risk factors [14] . Tumor size, tumor location, and lymph node status are three pathologic factors consistently shown to be associated with NAC involvement from the available literature [12, 13] . Wang J et al. reported that NAC involvement is strongly associated with tumor location, tumor size, histological grade, and HER2 overexpression [21] . The number of patients with NAC involvement was too small for statistical analysis in our study, to confirm or reject these factors. Morimoto T et al.'s study found that tumor involvement of the nipple and/or areola was found in 44 of 141 specimens (31%), and tumor size, tumor-areola distance, and histologic type could provide information for decision making for breast conservation surgery [25] . According to Agarwal G et al., the biology of the disease in India tends to be less ER and PR positive. Majority of the cases present late and are in advanced stages with more lymph node metastasis and higher pathological grade [26] . Initially, the battle against breast cancer was concerned about survival only, but with the advent of better principles of surgical, medical, and radiation oncology survival has improved, and the need for better quality of life has arisen. Hence, the demand for breast conservation along with NAC preservation is on the rise. Breast conservation therapy provides long-term survival rates equivalent to those of modified radical mastectomy [27, 28] .
Conclusion
Tumor nipple distance calculated by preoperative digital mammogram (MTND) can be considered as a significant predictor of the involvement of the nipple areola complex in invasive carcinoma breast, and a MTND of 2.5 cm or more is safe for NAC preservation in patients considered for breast conservation therapy.
